ABSTRACT An experiment was conducted to compare the efficacy of two dietary sources and an injectable form of vitamin E (VE) to improve the VE status of poults. Six of the treatments consisted of a factorial arrangement of three concentrations and two sources of dietary VE. Turkeys in these treatments received 12, 80, or 150 IU of either dl-a-tocopheryl acetate or d-atocopherol (d-a-TOC)/kg of diet. The seventh treatment consisted of a single subcutaneous injection of d-a-TOC at 1 d of age. Poults in this treatment were subcutaneously injected in the dorsal area of the neck with 25 IU of d-a-TOC, this amount being approximately equivalent to the amount poults would consume if their diet was supplemented with 150 IU of VE/kg during their 1st wk of life. Concentration, source, or route of VE administration did not affect growth parameters, plasma creatine kinase, plasma triglycerides, or liver lipid
INTRODUCTION
Research conducted during the last few years in our laboratory and elsewhere has demonstrated that atocopherol (a-TOC) stores of poults decline during the first few weeks of life. This decline occurs despite dietary manipulations to increase digestion or absorption of supplemental vitamin E (VE). For example, the inclusion of a bile salt or an antioxidant in the diet (SotoSalanova et ah, 1993) did not affect performance or a-TOC status of poults as measured by liver and plasma a-TOC from 1 to 21 d of age. Similarly, using an easily digested fat source, coconut oil, did not affect a-TOC status of poults (Soto-Salanova and Sell, 1995) . Increasing dietary VE from 12 to 100 (Soto-Salanova, 1991) , 150 (Sell et al, 1994; Applegate, 1995) , or 300 (Sell et ah, 1994) IU/kg of diet alleviated the depletion of a-TOC in plasma and liver only to a limited extent. These observations, together with those published by Sklan et al. (1982) , indicating a relatively poor ability of turkeys peroxidation as measured by the thiobarbituric acid reactive substances assay (TBARS). Plasma, red blood cells (RBC), and liver a-TOC decreased from hatching to 14 d of age in poults fed either source of VE. The use of 80 or 150 IU of dietary VE (either source) reduced (P < 0.05) the extent of depletion of a-TOC at all ages and also reduced the susceptibility of RBC to hemolysis. There was no effect of source of dietary VE on concentration of a-TOC in plasma, RBC, or liver, or on RBC hemolysis. Subcutaneous injection of 25 IU of d-a-TOC at Day 1 increased (P < 0.05) a-TOC concentration until 7 d of age. Also, d-a-TOC injection reduced (P < 0.05) RBC susceptibility to hemolysis through 21 d of age. Data showed that one single subcutaneous injection of 25 IU of d-a-TOC at 1 d of age was as effective as 80 IU or more of dietary VE through 21 d to improve the a-TOC status of poults.
1996 Poultry Science 75: [1393] [1394] [1395] [1396] [1397] [1398] [1399] [1400] [1401] [1402] [1403] to accumulate a-TOC in their tissues, showed the need of further evaluating effective ways of improving the a-TOC status of poults early after hatch and the need to reassess the VE requirement of poults.
The predominant source of VE supplementation in poultry feeds has been dl-a-tocopheryl acetate (dl-a-TACT). However, reports with some species (Hung et al, 1982; Chung et al, 1992) have suggested that the natural alcohol form of the vitamin may have a greater biological activity than the acetate ester. Also, parenteral administration of a single dose of VE has proved effective to improve the a-TOC status of black rhinoceros (Dierenfeld and Citino, 1989) , sheep (Hidiroglou and Karpinski, 1991) , and pigs (Batra and Hidiroglou, 1994) .
The objective of the study presented herein was to compare the efficacy of dietary source and injection of VE to improve the a-TOC status of poults. Furthermore, several indicators were used to assess the a-TOC status of poults during the first 3 wk after hatching.
MATERIALS AND METHODS
Six hundred 1-d-old male turkey poults (Nicholas Large White) were obtained from a commercial hatchery. Twenty poults were placed in each of 30 pens so that the average poult weight was approximately the {Key words: dietary vitamin E, plasma, a-tocopherol, red blood cell hemolysis, poult) same in each pen. Each of seven treatments was randomly assigned to four pens, and an eighth treatment was randomly assigned to two pens.
Six of the treatments were the result of a factorial arrangement of three concentrations and two sources of dietary VE. Turkeys in these treatments received 12 (LACT), 80 (MACT), or 150 (HACT) IU of dl-a-TACT3 / kg of diet, or were supplemented with 12 (LOL), 80 (MOL), or 150 (HOL) IU of d-a-TOC4 /kg of diet. The seventh treatment (INOL) consisted of a single subcutaneous injection of d-a-TOC 5 at 1 d of age. Poults in this treatment were subcutaneously injected in the dorsal area of the neck with 25 IU of d-a-TOC, this amount being approximately equivalent to the amount poults would consume if their diet was supplemented with 150 IU of VE/kg during the 1st wk after hatch. Poults in the INOL treatment also received 12 IU of dla-TACT/kg of diet throughout the 21-d experiment. During the 1st wk of the experiment, two additional pens were injected with the carrier 6 of the injectable VE.
3 Rovimix® E-50, 500 IU of dl-a-tocopheryl acetate/g. Hoffmann-La Roche, Inc., Nutley, NJ 07110. 4 Emcelle Tocopherol, 500 IU of d-a-tocopherol/mL. Stuart Products, Bedford, TX 76021.
5
Vital E™-500, 500 IU of d-a-tocopherol/mL. Schering-Plough Animal Health, Kenilworth, NJ 07033.
6
Vital E Placebo, Schering-Plough Animal Health, Kenilworth, NJ 07033.
Poults in this eighth treatment were subcutaneously injected at 1 d of age in the dorsal area of the neck with a volume of carrier equal to the volume of d-a-TOC injected in poults receiving the INOL treatment. This treatment was used to assess any influence of the carrier on the results of the experiment and was eliminated from the experiment at the end of the 1st wk of trial.
During the experiment, turkeys were allotted to 59 x 69 cm floor pens, which were bedded with clean litter. Room temperatures ranged between 23 and 25 C during the 21-d period. Pen temperature was kept at 35 C until poults were 7 d old, at 32 C until they were 14 d of age, and at 29 C thereafter. Feed and water were provided for ad libitum consumption throughout the experiment.
Poults in all treatments were fed corn-soybean meal starter diets. All diets were formulated to meet or exceed the NRC (1984) recommended nutrient concentrations for a turkey starter diet and were calculated to be isocaloric (2,850 kcal ME n /kg) and isonitrogenous (28.5% protein). Feed samples from each diet were taken at mixing time and stored at 4 C until analyzed for dry matter, ash, protein (Association of Official Analytical Chemists, AOAC, 1980, section 14.068), and fat (AOAC, 1980, section 7.056) . Composition of the diets and calculated and determined analyses are shown in Table  1 . Analytical results for vitamin E concentration of the diets as obtained in our laboratory were highly variable, were deemed unsatisfactory, and are not reported herein.
Body weight and feed intake (FI) of the poults were recorded at 1, 3, 5, 7,14, and 21 d of age. Feed efficiency (FE) was calculated as the FI:BW gain ratio for each of the periods studied. On the 1st d of the experiment, 20 poults were randomly selected for sampling to obtain zero-time data (five pooled samples). Subsequently, one or two poults (depending on the age of the poults) were selected at random from each pen for sampling at 3, 5, 7, 14, and 21 d of age.
Blood was obtained by jugular venipuncture by using heparinized syringes (200 U heparin/mL). Blood samples were subsequently separated into three subsamples. The first subsample, consisting of 1 mL of whole blood, was used to determine the susceptibility of the erythrocytes to oxidative stress. Hemolysis of the RBC was induced by using t-butyl hydroperoxide (BHP) at a concentration of 400 fiM as the oxidative agent (Smith et ah, 1988) . The second subsample consisted of 2 mL of whole blood and was used to collect RBC for a-TOC determination. For that purpose, blood was centrifuged at 1,500 x g for 15 min, plasma was separated, and the packed RBC were washed three times with isotonic buffer (pH 7.4) (Hassan and Hakkarainen, 1990) and stored frozen at -20 C until RBC aTOC analysis. The third subsample was stored in crushed ice (4 C) until centrifugation and then centrifuged at 1,500 x g for 15 min. The plasma was aspirated with a Pasteur pipette, and samples were stored frozen at -20 C in separate tubes until analyzed. One hundred microliters of sample were used to determine the activity of the enzyme creatine kinase (CK) in plasma. For that purpose, a commercial CK kit 7 was used. Adenosine-5'-diphosphate and phosphocreatine were used as substrates, and the production of free creatine formed by action of CK was measured by a colorimetric method at 520 nm (Hughes, 1962) . Another subsample of 100 /xL was used to determine the content of triglycerides (TG) in plasma. A commercial TG kit 7 was used for a colorimetric determination at 500 nm (Bucolo and David, 1973) . Another plasma subsample was kept frozen at -20 C for subsequent a-TOC determination.
Plasma a-TOC concentration and concentration of a-TOC in RBC were determined by a modified fluorimetric method of Dove and Ewan (1990) . Plasma and RBC (2 mL) were deproteinized with absolute ethanol (3 mL), and tocopherols were extracted with hexane (1 mL). Tocopherol concentrations were determined by HPLC, with fluorescence retention at 294 nm excitation wavelength and 323 nm emission wavelength. The mobile phase was 3.5% tetrahydrofuran in hexane, with a flow rate of 2.2 mL/min. The sample extracted in hexane was injected directly into the HPLC. a-?Sigma Chemical Co., St Louis, MO 63178-9916. 8 Halocarbon Laboratories, North Augusta, SC 29841.
Tocopherol was identified and quantified by the comparison of retention times and peak areas with a-TOC standards.
After blood samples were taken, turkey poults were killed by Halothane® 8 inhalation, and livers were excised at 1, 3, 5, 7, 14, and 21 d of age. Before freezing, 0.4 g samples of livers were used immediately after sampling to determine lipid peroxidation in vitro. Liver lipid peroxidation was measured by determination of the production of thiobarbituric acid reactive substances (TBARS) in vitro (Balasubramanian et al, 1988) at 1, 5, 7, 14, and 21 d of age. Also, yolk sac, and yolk sac contents were excised and collected at 1 d of age. Samples were weighed, frozen in liquid nitrogen, and stored at -20 C until prepared for a-TOC determination.
Tissue samples were thawed at room temperature, and 0.05 to 2 g (depending on the age of the poults and the amount of a-TOC expected) were homogenized in 10 mL (wt/vol) of phosphate-EDTA buffer (pH 7.0). Tissue tocopherols were then determined by HPLC by processing 2 mL of the tissue homogenate as described earlier for RBC and plasma.
Statistical analysis within each age was performed according to the General Linear Models (GLM) procedure of SAS® (SAS Institute, 1985) to determine the effect of treatment. Single-degree-of-freedom, orthogonal contrasts were done when significant (P < 0.05) effects of treatments were observed. The six contrasts were done to compare each of the dietary treatments with the INOL treatment. A two-way analysis of variance by using the GLM procedure of SAS® was also done to determine main effects of concentration and source of dietary VE and their interaction. The arc sine transformation was used before analysis of data expressed as a percentage.
RESULTS
Body weight and feed:gain ratio of poults were not affected (P > 0.05) by any of the treatments from 1 to 21 d of age (Table 2 ). Twelve International Units of either dl-a-TACT or d-a-TOC/kg of diet supported growth adequately as compared with feeding 80 or 150 IU of either VE source/kg. There was no influence of injecting 25 IU of d-a-TOC at Day 1 on BW of poults throughout the 21-d period. Body weight of the turkeys averaged 456 g at 21 d of age across all treatment groups.
The INOL treatment was supposed to be equivalent to the HACT and HOL treatments (each of them supplying 150 IU of either source of VE/kg of diet) during the 1st wk of experiment. However, a review of the FI data (not shown) indicated that poults in the HACT and HOL treatment groups consumed about 9 IU of VE during the first 7 d of life compared with an injection of 25 IU of d-a-TOC that INOL poults received at the start of the same time period.
At 14 d of age, poults in all treatments were diagnosed with an enteric disease. Poults were infected with a rotavirus (type D), the infection lasting until the end of the experimental period. This enteric disease produced diarrhea and probably adversely affected performance from 14 to 21 d. It seemed advisable to continue the experiment because resistance and recovery from disease is supposedly influenced by VE status (Tengerdy, 1990) . Thus, the disease situation encountered provided an opportunity to determine whether performance of poults subsequent to onset of the disease would be affected by VE treatments. However, the effects of the disease were consistent across all treatment groups.
Susceptibility of erythrocytes of poults to hemolysis changed markedly with age. From an initial low value of 9.5% at 1 d of age, RBC susceptibility to hemolysis increased for all dietary treatment groups until 7 d of age, irrespective of VE supplementation (Table 3) . Starting at 7 d of age, RBC hemolysis was affected by treatments, decreasing with increasing dietary VE in most instances to 21 d of age. The magnitude of the decrease depended on the route, source, and concentration of the VE supplement and on the age of the poults. Data show that RBC hemolysis was decreased by increasing the concentration of either source of VE from 12 to 80 or 150 IU/kg of diet. Percentage of erythrocyte hemolysis of poults fed 80 or 150 IU of either source of VE/kg of diet was significantly less at 7 (P < 0.004), 14 (P < 0.009), and 21 (P < 0.02) d of age than that of poults (Table 3) . From 1 to 14 d of age, there was a general decrease in RBC a-TOC concentration, irrespective of dietary VE, and the concentration of a-TOC in RBC increased until 21 d of age for all dietary treatment groups. There was a significant effect (P < 0.05) of concentration of dietary VE on RBC a-TOC content from 7 to 21 d of age. Erythrocytes of poults fed 80 or 150 IU of either source of VE (dl-a-TACT or d-a-TOC)/kg of diet contained more a-TOC than those of poults fed 12 IU/kg at all ages. There was no effect of source of dietary VE on RBC a-TOC concentration until 7 d of age. At this time, poults fed d-a-TOC had greater (P < 0.01) a-TOC content in RBC compared with those fed dl-a-TACT, irrespective of concentration. By 14 d of age, this effect had disappeared, and no further effect of the source of dietary VE could be detected through the end of the experiment.
Injection of the poults with 25 IU of d-a-TOC at 1 d of age increased (P < 0.001) RBC a-TOC concentration at 7 d of age (Table 3) . Poults in the INOL treatment group continued to have greater concentrations of a-TOC in RBC than poults in the LACT and LOL treatment groups at 14 (P < 0.001) and at 21 (P < 0. Plasma a-TOC decreased from 1 to 14 d of age for poults in all dietary treatments (Table 4) . a-Tocopherol concentration averaged 11.21 /ag/mL of plasma at Day 1, reached the lowest concentrations at Day 14, averaging 3.20 j*g/mL, and increased slightly by 21 d of age (average 3.73 jttg/mL). However, increasing dietary VE concentration from 12 to 80, or 150 IU/kg of diet increased (P < 0.02) plasma a-TOC at all ages. Supplementing VE in the diet as d-a-TOC increased (P < 0.01) plasma a-TOC concentration at 7 d of age, compared with adding VE in the diet as dl-a-TACT; thereafter, this effect was reversed and was different, depending on the concentration of dietary VE. This reversal resulted in a concentration by source interaction at 14 (P < 0.06) and 21 (P < 0.001) d of age.
Injection of 25 IU of d-a-TOC at Day 1 increased (P < 0.001) plasma a-TOC concentration at 3 and 5 d of age, compared with supplementation of VE in the diet (data not shown). By 14 d of age, however, plasma a-TOC of INOL poults had decreased markedly, and HACT-fed poults carried greater (P < 0.003) a-TOC concentration in their plasma than did INOL-injected turkeys (Table  4) . At the end of the experiment, INOL poults had a concentration of a-TOC in their plasma similar to that of poults fed 12 IU of either source of VE/kg of diet.
Data presented in Table 5 show that activity of CK in plasma was not affected by any of the treatments during the 21-d experimental period. Activity of CK in plasma, measured as the number of micrograms of creatine formed per milliliter per minute, averaged 1,611 /*g/mL per min at Day 1. There was a marked increase in the activity of CK in plasma at 14 d of age, irrespective of treatment. This increase may have been related to the enteric infection (caused by rotavirus D) that poults contracted by 14 d of age, and VE treatments did not alter this effect. By 21 d of age, however, the increase in plasma CK had disappeared.
Supplementation of VE in the diet or by subcutaneous injection did not affect the concentration of TG in plasma from 1 to 21 d of age (Table 5) . Concentration of TG in plasma increased from Day 1 to Day 14, irrespective of treatment, and then decreased for most treatment groups by the end of the experiment.
The milligrams of a-TOC:g of TG (a-TOC:TG) ratio in plasma of poults was affected (P < 0.004) by treatments at 7 and 21 d of age (data not shown). The a-TOC:TG ratio in plasma of poults fed VE (either source or concentration) decreased from 17.7 at 1 d to 2.9 and 6.1 at 14 or 21 d of age, depending on the treatment. Injection of poults with 25 IU of d-a-TOC at Day 1 markedly increased the a-TOC:TG ratio in plasma at 5 d (23.2) of age (P < 0.01), as compared with dietary supplementation of VE. At 14 d of age, plasma a-TOC: TG ratio of INOL poults had decreased to levels similar to those observed for VE-fed poults, and, by 21 d of age, poults in the HOL treatment had a greater (P < 0.01) a-TOCTG ratio in plasma than that of poults in any other treatment group.
a-Tocopherol content of livers of poults during the 21-d experiment is shown in Table 6 . Livers of Subcutaneous injection of 25 IU of d-a-TOC at Day 1 markedly increased liver a-TOC stores at 3 d of age (P < 0.001) ( Table 6) . By Day 7, INOL poults continued to have more a-TOC in their livers than LACT, MACT, and LOL poults. As age increased, liver a-TOC stores of injected turkeys decreased, and by 21 d of age, poults fed 80 or 150 IU VE (either source)/kg of diet had greater (P < 0.002) liver a-TOC concentration than INOL poults. The same was true for total a-TOC in liver at 21 d of age.
Lipid peroxidation in liver tissue, as measured by the TBARS assay, was not influenced consistently, nor to any great extent, by dietary VE treatments or by VE injection. These data, therefore, are not shown.
DISCUSSION
Addition to the diets of 12, 80, or 150 IU of dl-a-TACT (LACT, MACT, and HACT treatments, respectively), or d-a-TOC (LOL, MOL, and HOL treatments, respectively), or subcutaneous injection of 25 IU of d-a-TOC at Day 1 (INOL treatment) did not affect performance of the poults during the 21-d experiment. Information in the literature concerning the effect of different dietary sources, or different routes of VE administration on performance is scarce, and, in most instances, agrees with results reported herein (Judson et al, 1991; Chung et al., 1992; Soto-Salanova et al, 1993) . At 14 d of age, the entire flock contracted an enteric disease caused by rotavirus D. In avian species, and specifically in turkeys, common features of an infection by rotavirus D include enteritis and diarrhea, and, as a consequence, reduced growth and impaired feed utilization (Reynolds, 1992) . In comparison with uninfected poults of other experiments conducted shortly before the study reported here, poults of the current trial gained less weight from 14 to 21 d but had similar feed efficiencies. The adverse effects of the disease occurred irrespective of VE treatment, indicating that, in the instance of a rotavirus D infection, increasing concentrations of dietary VE had no ameliorating effects on the severity of the disease as had been reported for certain other diseases of turkeys and chickens (Tengerdy, 1990 ).
In the current research, RBC susceptibility to hemolysis increased until 7 d of age for all treatment groups, irrespective of VE supplementation, and then decreased with increasing VE supplementation until 21 d of age. Similar results have been reported by Applegate (1995) in young turkeys fed diets supplemented with 0 or 150 IU of dl-a-TACT/kg of diet. However, the highest percentages of hemolysis attained in the current experiment (76.4%) were less than the values (90 to 100%) reported by Applegate (1995) . This result should be expected because Applegate (1995) fed a diet containing 0 IU of supplemental VE, whereas poults in the current experiment were supplemented with at least 12 IU of VE (dl-a-TACT or d-a-TOC)/kg of diet. The decrease in RBC susceptibility to hemolysis with increasing concentrations of dietary VE observed in the current trial agrees with data published recently for chicks (Fuhrmann et al., 1994) . These authors reported decreased RBC susceptibility to hemolysis in 2-or 3-wk-old chicks being fed diets containing between 22 and 1,400 mg dla-TACT/kg of diet. Subcutaneous injection of d-a-TOC at Day 1 was effective in protecting erythrocytes against BHP-induced hemolysis in the current study. Similar results have been published by Stevenson and Jones (1989) with sheep.
The high a-TOC content in RBC and plasma of newly hatched poults (0.83 and 11.21 fig/mL, respectively) , in the present experiment indicated an effective carryover from the hen to the egg. One-day-old poults had 73.9 /xg of a-TOC/g of egg yolk, which corroborates the findings of Noble et al. (1993) in chicks, indicating that substantial a-TOC remains in the yolk sac immediately after hatching.
a-Tocopherol concentration in RBC and plasma of poults decreased markedly until 14 d of age, irrespective of dietary VE supplementation, and then increased to various degrees until 21 d of age. This rapid decrease of RBC and plasma a-TOC during the first 2 wk after hatching has been reported previously in chickens (Hassan and Hakkarainen, 1990) . To the authors' knowledge, there are no data available in the literature on RBC a-TOC concentration of newly hatched turkeys, but a similar decrease in plasma a-TOC concentration of poults during the first 2 or 3 wk after hatch has been reported previously by Soto-Salanova (1991), SotoSalanova et al. (1993) , and Applegate (1995) . This rapid decline of RBC and plasma a-TOC during the early posthatch development may explain a greater susceptibility to VE deficiency diseases, as has been reported for growing chicks fed a low-VE diet after hatch (Hassan et al., 1985) . In the present experiment, however, no signs of VE deficiency could be detected during the 21-d period.
Supplementation of the diets with increasing concentrations of dietary VE (dl-a-TACT or d-a-TOC) resulted in a continuous increase in a-TOC concentration in RBC and plasma, suggesting that both RBC and plasma were sensitive to changes in VE intake and that their storage capacity was not saturated by the supplemental concentrations used. Thus, it seems feasible to improve the a-TOC status of poults by increasing dietary VE concentration, thereby improving the immune competence of turkeys, as reported in the literature for chickens (Heinzerling et al., 1974; Tengerdy and Nockels, 1975) and for turkeys (Franchini et ah, 1990a) .
The plasma and RBC a-TOC data of the current study showed that dietary d-a-TOC was more effective than dl-a-TACT in increasing a-TOC concentration of these tissues of poults at 7 d of age, implying an enhanced absorption and biological potency of the natural alcohol form (d-a-TOC) compared with the acetate form (dl-a-TACT) at that age. The acetate moiety is hydrolyzed from dl-a-TACT in the gut lumen. Emulsified by bile, dla-TACT is then deesterified by the esterase enzyme, yielding free a-TOC, which is absorbed through the intestinal wall into the lymph (Gallo-Torres, 1970) . In poultry, activity of pancreatic enzymes, including lipase, is low at hatching and increases gradually during the 1st wk of age (Sell et ah, 1991) . Specifically, lipase activity decreases between 6 and 8 d of age and probably contributes to the poor utilization of dietary fats (Sell et ah, 1986) , and possibly of fat-soluble vitamins, by poults during early growth. A low activity of lipase during the 1st wk after hatching could contribute to the decreased bioavailability of dl-a-TACT at Day 7. From that time on, the digestive system of the poult is more developed, and this may be the reason that no further differences between d-a-TOC and dl-a-TACT could be detected after Day 7. Most reports in the literature comparing natural and synthetic sources and alcohol and ester forms of dietary VE indicate that the natural alcohol is the most effective form of VE to improve a-TOC status of different species, irrespective of route of administration of VE (Ogihara et al., 1985; Hidiroglou and Karpinski, 1988; Chung et al., 1992; Fuhrmann et ah, 1994) .
In our experiment, subcutaneous injection of 25 IU of d-a-TOC at Day 1 was effective in increasing RBC and plasma a-TOC concentration from 1 to 7 d of age. Results reported in the literature concerning the distribution of a-TOC compounds in the body tissues when sources were given parenterally or in the diet are divergent (Hidiroglou and Karpinski, 1987; Dierenfeld and Citino, 1989; Judson et ah, 1991) . The variable responses to VE parenteral supplementation might be related to the difficulty of using the needle-injection technique, with differences in the blood flow of the injection area, in the extent of absorption in that area, or to both.
In our current research, all treatment groups had been supplemented with at least 12 IU of VE/kg of diet, and that might explain why no effect of the treatments on CK activity in plasma was observed during the trial. These results agree with those reported by Asghar et al. (1991) for pigs 5 to 14 wk of age and with those reported by Fry et al. (1993) for sheep. Values of CK activity in plasma in the present experiment ranged from 973 to 2,593 IU, except at 14 d of age. These values are similar to those reported by Wilson et al. (1990) , who measured CK activity in plasma of 10-to 16-wk-old healthy turkey breeder toms. At 14 d of age, poults contracted an enteric disease (caused by rotavirus D), and activity of CK in plasma of poults in all treatment groups increased 10-fold. This increase in plasma CK indicates damage in the muscle cells. In the present experiment, increasing dietary VE supplementation (from 12 to 80, or 150 IU of dl-a-TACT or d-a-TOC/kg of diet) or giving a single subcutaneous injection of d-a-TOC at Day 1 failed to decrease plasma CK activity, even during disease stress.
Levels of TG in plasma were not affected by the dietary intake of VE (dl-a-TACT or d-a-TOC) or by subcutaneous injection of d-a-TOC at 1 d of age and were within the range of those published in the literature for adult turkeys (Franchini et al., 1990b; Crisetig et al., 1991; Kurima et al., 1994) . To the authors' knowledge, there is no literature available on agerelated changes in plasma TG of 1-to 21-d-old turkeys. Franchini et al. (1990b) reported a steady increase in plasma TG of male turkeys from 28 (40 mg/dL) to 140 d (83 mg/dL) of age. Crisetig et al. (1991) , however, found no significant changes in plasma TG of turkeys until 90 d of age, and then plasma TG values increased until 120 d of age, especially in female turkeys. These fluctuations most likely reflect the change in the fat content of the feed during this period and the improved utilization of fatty acids with age. Changes in the plasma a-TOC:TG ratio with treatments in the present experiment paralleled those detected in a-TOC concentration of plasma. These results could be expected because no effect of VE supplementation was observed in plasma TG from 1 to 21 d of age.
Liver a-TOC concentration and total liver a-TOC varied with the age of the poults. In the present experiment, a-TOC concentration in liver of 1-d-old poults averaged 143.6 £ig/g, or 208.2 /j.g when expressed as total a-TOC stored in the liver. Noble et al. (1993) indicated that a-TOC from the yolk sac accumulated in the liver during the last 5 d of embryonic development. Noble and Cocchi (1990) suggested that the particularly large concentration of a-TOC within the liver just before hatching was a reflection of extremely high lipid accumulation at the end of the incubation period. By 7 d posthatch, liver a-TOC stores had decreased, irrespective of dietary VE supplementation. Liver a-TOC decreased markedly between 7 and 14 d of age and then increased slightly until 21 d of age. These age-related changes in liver a-TOC agree with previous results published for turkeys (Soto-Salanova et al., 1993; Waibel et al., 1994; Applegate, 1995; Soto-Salanova and Sell, 1995) . Sklan et al. (1982) attributed low liver a-TOC levels detected in turkeys to an early and high production and excretion of tocopheryl glucuronides, however, despite the low values of a-TOC detected in liver of poults during the current experiment, no signs of VE deficiency could be detected. Seemingly, poults had enough a-TOC to meet their metabolic requirements, but not enough to build up storage in the liver.
Increasing dietary concentration of VE (dl-a-TACT or d-a-TOC) from 12 to 80 or 150 IU/kg of diet increased liver a-TOC stores, starting at 7 d of age. This response of liver a-TOC to VE supplementation has been reported previously for different species (Csallany et ah, 1988; Hidiroglou and Charmley, 1990; Asghar et ah, 1991; Sheehy et ah, 1991; Chung et ah, 1992; Furones et ah, 1992; Soto-Salanova et ah, 1993; Applegate, 1995) . By 21 d of age, liver a-TOC of poults fed 80 or 150 IU of VE/ kg of diet were very similar, thus indicating that the liver was reaching a stage of saturation.
In the current experiment, liver a-TOC of poults responded similarly to the two dietary sources of VE fed from 1 to 21 d of age. This result could be expected from the plasma and RBC data, which indicate that the source of dietary VE affected a-TOC concentration only at 7 d of age. The lack of response of liver a-TOC to the two different dietary VE sources could be partly explained by a limited absorption of VE in turkeys early in life and by a rapid excretion of tocopheryl glucuronides during the first 2 or 3 wk of life (Sklan et ah, 1982) . Had the experiment lasted 2 or 3 more wk, the response of liver a-TOC to the different VE sources might have been different.
In the current trial, subcutaneous injection of d-a-TOC at Day 1 increased a-TOC stores in liver of poults during the 1st wk of life. The effect of d-a-TOC injection decreased gradually and had disappeared by 21 d of age. To the authors' knowledge, there is no information available in the literature on parenteral administration of VE to turkey poults, but injection of VE through different routes has been demonstrated to be highly effective in increasing a-TOC stores in livers of sheep (Hidiroglou, 1986; Hidiroglou and Karpinski, 1991) . In our experiment, the increase in liver a-TOC observed in injected poults by 3 d of age suggests that the vitamin was rapidly mobilized from the injection site and reached the target tissues 48 h after administration.
Although dietary VE concentration did not affect lipid peroxidation of liver tissue during the 21-d experiment reported here, livers of 1-d-old poults were relatively susceptible to lipid peroxidation, as indicated by the TBARS assay. Similar results were reported by Combs and Scott (1974) and by Maiorino et ah (1989) . Maiorino et ah (1989) suggested a delayed effect of VE on lipid peroxidation at Day 1 due to low levels of glutathione and phospholipid hydroperoxide glutathione peroxidase. This finding may be the reason that, despite the high a-TOC content of livers of poults in our experiment, there was still a high rate of peroxidation in livers of 1-d-old poults, as indicated by the TBARS assay.
In summary, increasing dietary concentration of VE (either source) or injecting 25 IU of d-a-TOC at Day 1 did not affect performance, but increased liver, plasma, and RBC a-TOC of the turkeys from 1 to 21 d of age. Susceptibility of RBC to hemolysis was decreased by increasing dietary concentration (from 12 to 80 or 150 IU/kg) of VE (either source) and by subcutaneous injection of 25 IU of d-a-TOC per poult at Day 1. None of the treatments affected plasma CK, plasma TG, or in vitro lipid peroxidation of liver tissue. Concentrations of a-TOC of liver, plasma, and RBC were directly related to VE concentration of the diet. Red blood cells of poults fed 12 IU of VE were more susceptible to induced hemolysis than were those of poults fed 80 or 150 IU of VE. The biological relationship of greater induced in vitro RBC hemolysis with well being and VE requirements of poults has yet to be established.
